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The hok/sok locus is a well characterized type I toxin/antitoxin system frequently associated 27 with multi-drug resistance plasmids in bacteria. It is often present in plasmids encoding 28 extended spectrum beta-lactamases (ESBLs), especially CTX-M [1] . Other than plasmids, the 29 hok/sok locus also occurs in the chromosomes of enterobacteria and closely related 30 bacteria, especially pathogenic strains [2] . This is suggestive of additional functions other 31 than the established plasmid-stabilization function by post-segregational killing of plasmid-32 free daughter cells [3, 4] . Further investigations have shown that the hok/sok locus also 33 function as a stress response element in bacteria. It prolongs the lag phase of bacterial 34 cultures to enable the cells adapt to the prevailing growth conditions before growth 35 resumes [5] . Thus, the hok/sok locus inhibits bacterial growth during the lag phase and 36 functionally complements existing or defective SOS response. 37
Growth arrest and inhibition of cell division leading to filamentation is often associated with 38 bacterial response to stressful growth conditions [6, 7] ; especially in bacterial SOS response 39 to DNA damage [8] , and as a mechanism of evasion and resistance to certain antibiotics 40 such as the beta-lactam antibiotics [9] . In many of these cases, inhibition of the cell division 41 protein, FtsZ, is believed to inhibit cell division and induce filamentation [10] . During cell 42 division, FtsZ proteins localize to the cell membrane at the midcell, which is the future site 43 of the septum. They are assembled to form the Z-ring, which consists of overlapping 44 M A N U S C R I P T
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3 protofilaments of polymerized FtsZ [11] . FtsZ also recruits other proteins which are 45 necessary for cell division (e.g. FtsA, FtsI, FtsQ, FtsW, FtsK, and ZipA) to the cell division site 46 [12, 13] . Hence, inhibition of growth and cell division in bacteria cells are often accompanied 47 by changes in the morphology of the cells due to inhibition of FtsZ action. In this study, the 48 morphology of E. coli cells with plasmids expressing the hok/sok locus was examined, and 49 the role of FtsZ in the hok/sok-induced growth arrest and prolonged lag phase was 50 investigated using ftsZ-antisense PNA (peptide nucleic acid) and expressed ftsZ-antisense 51 silencing or over-expression. 52 concentration (1000x dilution ≈10 6 CFU ml -1 ) in MH broth containing appropriate antibiotics 62 (100µg ml -1 of ampicillin (Amp) and/or 30µg ml -1 of chloramphenicol (Chlr) as appropriate) 63
Materials and Methods
for growth experiments. Cell size was assessed by fluorescence microscopy and culture 64 growth by spectrophotometry. For spectrophotometry, 200μl of the diluted culture were 65 incubated in 96 well plates for 18-22hrs using Biotek Powerwave XS universal spectrometer 66
and Gen 5 software to monitor culture growth. Optical density (OD) of cultures was 67 measured at 550nm, and growth kinetic curves were plotted with Microsoft® Office Excel. 68 Cells were then stained by incubating in an equal volume of 1μM DAPI in the dark for aboutM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 5mins and fixed onto glass slides with cover slips. Cell morphology was examined with Leica 78 DM4000B fluorescence microscope using the DAPI filter. Images were captured with DC500 79 camera using Leica IM500 software programme. 80
2.3.
FtsZ silencing and over-expression
81
To assess the role of FtsZ in the growth changes associated with the hok/sok locus, ftsZ was 82 selectively silenced or over-expressed using antisense PNA and plasmids. For ftsZ silencing 83 using PNA, sub-inhibitory amounts (0.5-1µM) of synthetic anti-ftsZ PNA were added to the 84 growth media (MH broth containing appropriate antibiotics) in order to inhibit ftsZ 85 expression. Anti-acpP PNA, which targets the essential fatty acid biosynthesis protein ACP, 86 was used as a control PNA to check for non-specific PNA effects [15] . The growth pattern of 87 the cultures was then monitored to assess the effect of these antisense agents on the 88 growth of bacteria cells. FtsZ expressed in the SS996 strain is unable to bind SulA in the SOS response pathway [17, 386 18] , and possibly other proteins [22, 25, 26] , which could lead to the differences in the 387 observed growth effects of the hok/sok locus in SS99 strain. 388
Conclusion
389
This study has shown that the bacterial growth changes associated with the hok/sok locus 390 may be mediated via alterations in FtsZ activity during cell division. FtsZ is a potent drug 391 target, and its roles in these protective mechanism(s) provided by the hok/sok locus could 
